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Process for the continuoiis mannfRctnre of tiibnlAr mambrane 



Desctipilon 



5 



Tlt6 invention relates to a process for continuous manu&ctuic of tubular corn- 



to as xnemfanine tubes. 

10 For any plication a muldtiide of tubul^ir membranes iff a5(f;emhled in a mem- 
hrane module. Genend known types of such modiilef; are the hollow fiber module, 
the capillary module,, and the tubular module. The respective differences are due 
TO the variaiion of ihe diameter of the tubular membranes. The diameier^ of hol- 
low fiber membranes rdnge between 30 lo 100 micnm, Ihusic of capillary mau- 
ls braacs between 0.2 to 3 mm, and those for membrane tubes between 4 to 50 mm. 
In hollow fibers tbc transmcmbrancn flux is directed from the outside to the in- 
side, in capillary membranes from the outside to the inside as well as in the re- 
verse direction, and in tubular membranes mostly from the inside to the outside. 

20 It is known in the art to manufacture membrane tubes with the active layer on the 
inside disconiinuously by inm)ducing a cone shaped body, the ^•bobby'' into a ver- 
tically arrdugwl Lube. Above the *l)obby" Ihe respective polymer solution is 
pouied from wliich the membrane will be founcd. By moving tl^e "bubby" 
through the tube a thin film of the polymer solution is distributed on 4c inner wall 

25 of the tube, said film bemg precipitated and solidified by means known in the ait 
The thus formed membrane can be removed from the tube and supported by any 
means Icnown in the art More often the membrane fihn is directly cast on a po- 
rous earner maieriaL eiflier by a •'bobby or the polymer solution is distributed on 
die iimcr wait of Ihc lube by passing a gas bubble ihrou^ the lube. This mclhod is 



positc 01 multi-layer membranes formed as mbcs or Hoses, ui Ifae following related 
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known as "hydrocasting*'. Hie porous carrier material has to withstand all follow- 
ing steps. 

It is further known m the an to mamfacture membrane tubes with the active layer 
5 on the inside continuously by e^lying a polymer dope by means of an smnuhir 
nozzle Lo a uairicr tualcrid]. Accoidiiig to US~PS 3 601 159 said carrier can be 
runucd by wjndmg sevei al layers of suitable matciial around a mandrel The noz- 
zle is located at die end of said mandrcL Another possibility is given by fbiming a 
strip of the carrier material into a hose the overlap of which are dien glued or 
10 welded togedi^. 

Capillary membranes are tbimeri from polymer juihitions by a so called **spm- 
neret", a device cnmpriinng an annular nozzle around a central needle. Through an 
additional nozzle M said inner needle a precipitating agent for die polymer 5o]u- 

13 dun can be iulruduccd iulu Uie iiiiiei volume of the capjilaiy. Bundles of such cap- 
illaiies are glued together at both ends and housed in a pressure vessel. It is impor- 
tant to obtain a crack-^ and strcss-ficc scaling; fuithcimorc the openings of the cap- 
illaries must not be blocked during cutting. The production of hollow fiber mem- 
branes is similar to the production of textile hollow fibers. They can be formed by 

20 wet spinning, dry spinning, or melt spinning processes. The center of the spinner- 
ets is formed by a hollow needle, through which an inert gas or liqirid is intro- 
duced in order to prevent collapsing of the fiber. During or following the spinning 
process The fibers may be stretched to the wanted diameter. Very fine hollow fiber 
mcuLbrauc^ axe ehcugeU Hum the uuuide, al laigd* diauieler^ die feed flow can 

25 pass through the interior of the hollow fiber. 

Depending on the conditions during the fbimatioTi the active layer of the tubidar 
membrane, responsible fiar the separation, will be continuously porous with a 
symmetric or asymmetric pore structure. In special csfMW a denser p.<wenttally pore 
30 free sDiictore can be formed. 
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It is a conimon property of the aforesaid membranes to comprise of one disttmf^t 
material only, besides an additional carrier layer. Satd (liRtinr.t material may he 
inorganir, nr an organic polymer. Therefore ih^e membranes are referred to as 
integral membranes. On lo the carrier layer which may be a woven or non-woven 
^ &bric the integral membrane is ci^plied, <md llie unnier impiuvcs (he xuculiaulgal 
strcn^ and handability of the membrane. The carrier layer shows rdativcly large 
pores wfaidi allow for an unhindered flow. Pr^fcroitially, as the oflier parts of ttic 
membrane the cairier layer is resistant against chsmcals and higher temperatures. 

10 Tubular membranes comprising an integral membrane on a carrier layer can be 
formed by winding a narrow stripe of the canier material around a mandrel thus 
forming a hose or tube» and bun weldmg or overlap welding ibe edges by heat or 
ultrasound la a following step (he hoses or hibes are coated» e.g. by a polymer 
sululiun. Pix?fcLeuU<dly the pulyniei suluUuu h applied lu tlie imiei suifai^c uf the 

15 tabt, as flie latter may collapse when an outside pressure is applied* Therefore an 
opening exists at Hio end of the mandrel throng which the polymer solution is 
applied to the inner surface of the tube. By immendon into a precipitation both the 
membrane is then fiarmed. Thus first a hose or tube is formed fiom the carrier ma- 
terial which is then imiihrmly coated on the inside. Any defects originating from 

20 imperfect welding shall he thi» cnateri and sealerl. 

FoUowLiig tlie above dcswibcd cujjliuuuiuj mclliods only iutcgrdl or single-layer 
tubular mcmbiuaes can be produced, as allci coaiinK of the carrier with ihc poly- 
mer solution and formation of the membrane any further coating can be applied 
25 only discontinuously to aeporate and distinct pieces of the membrane. Technically 
this is disadvantageous and uneconomicaL The mtegral tubular membranes as 
described are mainly used in raicrofiltration, ultrafiltration and nanofiltration 
processes. 

30 Tor the processes of reverse osmosis, pervapoiatiou/ vapur pcrmcaliuu, and ^us 
separation pref^entially multi-layer membranes arc utilized, which comprise at 
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least two layers of different chemical composition, in addition to the earner layer. 
In general such composite membranes conqoise a first porous sublayer which 
determines mainly the mechanical sirengfli of the membrane (support layer), and 
adjacent lo the sublayer a second layer of a chemically different material which 
b mainly deiennines the sepaiaiion characxerisiics of the menabrane (separating 
layer). The scpai<iLiug Uyvi uiay be miciopoious oi dense and pore-firee. Mem- 
branes for Reverse Osmosis in general comprise a miciopoious separating layer, 
having pores with diametexs in the range between 10 to 1000 A. Membranes used 
in Pervaporation/ Vapor Permeation and Gas Permeation may still have a certain 

10 number of pores with diameters of 10 A or below, nevertheless tfaey are referred 
to as dense or pore^&ee. Technically the dense or poie-free membranes axe distin- 
giii.qhed frnm the micmpoTmas ones as they sqiarate accnnling to the Snlutinn- 
Diffbsion-MecfaanisoL Examples of such useftal dense separaimg layers are dia- 
closed in EP-B-0 096 339» e.>^ made irum pulyvinylalcofaol or polyvinylaloohol 

IS copolymers. By means of an aqueous solution of said polycner, which may contain 
additional croas-linking agents for polyvinylalcohol a Utiin layer is implied to a 
support layer, which is then subjected to a diyixig and heat treatment step in order 
to cross-link flie polyvinylalcohol. To those skilled in the art further composite 
membranes are known, useful for the processes mentioned above. 

7.n 

h) principJe tubular membranes can be formed from flat sheet composite mem- 
biaucs by tlie above dc^iUJbed uicUiud, However, Ihts glue hnes and especially 
welding seams of membrane tubes thus formed will bhuw Jefculs and Icakaj^cs as 
it is not possible to weld at least two layers of diflcrent materiab (separating 
2S layer, support layer and eventually oanicr layer) uniformly and defect fiee. It is 
the task of the present invention to present a solution to tins pzoblran. 

The present invention thus relates to a pmce^ss tor the continuous prodiTction of 
conQwsite membrane tubes, comprising a porous sublayer (siq>pon layer), mainly 
30 detennining the mechanical stieagth of the mcmbraue, ami adiaccul lo Ihal a sec- 
ond layer of a material of different chemical nature, said second layer mainly do- 



termining the separation properties of the membrane (separating layRr), /5aid prnr^ 
ess comprisiTjg witidmg anwpertive flat sheet compasite memhrane lengthwise or 
spirally into a tubular fbnn, the sqparacing layer of said membrane facing to tiie 
iiibidc, wddiug ui gluing the edges of said niembi^e together, cither overlapping 
ui by bait welding, and applying on the inside of said butt scam or ovcrfqipiiig 
area a strip of a scaling material which can be sohdificd atul finally soHdifying 
said scaling imtcrial. 

The siippoit layer and the separating layer of a conqposite membrane are made 
trnm materials of different chemical nature. iSuch membranes which are made and 
used as Oat sheets for fbe separaiion of liquid mixtuics by PervapoTation/ V^or 
Permeation or Oas Separation arc disclosed by e.g. EP-B-0 096 339. For die 
iuothud according to die present invention flat sheet composite membranes are 
preferred compiising an additional carrier layer of a woven or non-woven fabric. 

The membrane tubes according to the pres^ invention have diameterG in the 
range between 4 to SO mm, preferentially between 8 tv) 30 mm, whereby diameters 
between 1 7. to 25 mm Ivive proven to be advantageous. 

Preferentially the mraibrane tube is formed by spirally winding a flat sheet com- 
poale mtmbrdne around 21 mandrel or shaft, whereby the winding may overlap or 
form butt seams. In the final membrane tube the separating layer forms the inside 
surface. In a preferred arrangement csomprising a carrier layer the order of the lay- 
ers from the inside to the outside of the membrane tube ie as follows: Sepamting 
layer, support layer, carrier layer. Welding is effected by e.g, ultrasound or heat. 
When butt welrtitg is preferred an additional strip of material is applied to the 
.^eam which can he efficiently he welded or glued to the material with which it is 
in contact, and said material is then ghied or welded to the material of the mem- 
brane When a membrane compiisiug si cairicr layer is processed, die carrier layer 
made e-g. from a woven or non-woven fabric, said additional strip of material is 
prefer^tially chosen from ttie same material as that of the earner layer. Hereby it 
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is of no conceni whether the other layers are totally welded or glued, as any de- 
fects will be sealed by the application and solidification of the later applied seal- 
ing materiai. The width of said strip of Tnaterial is chosen in sucli a way that a 
permaneoc fixation of ihe butt weld seam is effected, e.g. 2 to 10 mm, or 2 Lo 4 
s mm. 

Id a next step a stripe of a sealing material which can be solidified is applied fiom 
tfie inside of tfie membrane tube to the butt seam or Hhe area of ovedqipaig, tb 
epectively, and solidified. The sealing material, prefer^tially a polymer, has to 

10 exhibit a good adhesion to the s^arattng layer of the membrane, its thermal and 
chemical resistance have to be similar to that of the separating layer. Thus it is 
preferred to use ilie polymer of die separating layer as the sealing polymer. Ihe 
sealing |K>lymer can then be treated and cross-Unked by the same means as the 
separating polymer of (be flal sheet nmmbrane. Examples of usefUl sealing poly- 

15 mors arc polyvinyialcohol, dissolved in water, for polyvinylalcohol separating 
layers; polyuretbanc^ dissolved in ketones or ester, for polyurediane separating 
layers; and siloxanes, dissolved in ketones, for siloxane separating layers. 

The sealing material is applied iiom the inside of the membrane tube onto the butt 
20 seam or the area of nverl:qiping hy mfiai^j? of 3 nozzle, coupled to a respective con- 
trol Of the speed by wfaich the membrane mbe is jjbrmed. The plication nf the 
scaling material is uuuliullcd in order lo coat and seal the butt seam or the area of 
oveilapping ia a widtli of 1 lu 2 jnui, or wider, ifictiuired. Preferentially said noz- 
zle is located on the mandrel or shaft around which the membrane tube is formed 
25 and welded or glued. Thus formation of the membrane tube, welding or ghiing 
and application of the sealing materials is e£feeted in a 6ingJ.e operatioii. 

In order to improve its mechanical stRbihty one or more drainage layei^, in addi- 
tion 10 the carrier layer can be applied to the membrane tube, a.s is known in the 
30 art 



BEST AVAILABLE COPY 



-7- 



AccordiBg to the process of the present invention membrane tubes can be manu- 
fkcture from flat sheet composite meaibranes, the membrane tubes being free of 
defects and eyhi biting the same selectivily as the respective flat ssheet memhraneL 
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